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RELD OF THE INVENTION 

This invention relates to therapeutic and diagnostic compositions with a modified doud point, and to a 
method for the preparation thereof. 

5 

BACKGROUND OF THE INVEI^ON 

Nanopartides, descnbed in U.S. Patent No. 5,145.684, are particles consisting of a poorly soluble 
therapeutic or diagnostic agent onto which are adsort)ed a rHxi-crossKnked surface modifier, and which have 
10 an average particle size of less tfian about 400 narK>meters (nm>. 

As a result of ttieir sm^l size, sleriiizafion of therapeutic and diagriostic agents in nanoparticulate fonnn 
statMlized by a surface modHier (surfedant) is difficult Filtration using a filter of 0.22 um mesh size is 
sufficient to remove most bacteria and viruses* but ttie nanopaiticles. due to their sizes, cannot be sterile 
fittered. Conventional aulodaving (steam heat) at 121 *C will result in aggregation and/or sut>stantial growth 
75 of particle size, reiKlenng tfie resulting pvtides unusat>le. 

The aggregation of nanoparticles upon floating is directly related to the precipitation and/or phase 
separation of tfie surfBoa modifier (surfactant) at temperatures atwve the doud point of the surfactant where 
the txHind surfactant molecules are liicely Id dissociate from tfie nanoparticles and predpitate and/or phase 
separate, leaving ttie nanoparticles unprotected. The unprotected nanopartides can tf>en aggregate into 
20 dusters of particles. Upon oooKng, the surfactant recfissolves into ttie solution, which then coats tfie 
aggregated partides and prevent them from dissociating into smaHer ones as sfiown in Rgure 1. 

This invention is directed to novel composttibns ttiat allow autodaving of nanoparticles with reduced or 
no partide size growth. Tfiese compositions provide f6r a modification of the surfactant adsortsed onto 
nanopartides such tfiat tfie nanopartides do not agglomerate during autodaving. This invention is also 
2s directed to a method of making such compositions. 

BRIEF SUMMARY OF THE INVBMTION 

According to the present invention therefore there is provided a composition comprising nanoparticles 
30 having a surface modifier adsort>ed on the surface tfiereof and a nonnonic cloud point modifier assodated 
therewith, which doud point modifier is present in an amount suffident to increase the doud point of the 
surface modifier. In a preferred emtKxfiment, the doud point of tfie surface modifier is increased at>ove the 
temperature for sterilization, such as autodaving, of the nanopartides to prevent agglomeration. 

In a furtfier aspect the invention provides a method of making nanopartides having a surface modifier 
35 adsort)ed on the surface and a non-kink: doud pdnt modifier assodated therewith, said method comprising 
contacting sakJ nanoparttoles with tfie doud point modifier for a time and under conditions suffident to 
increase tfie cloud pdnt of the surface modifier. 

BRIEF DESCRIPTION OF THE RGURE 

40 

Fig. 1 is a graph showing ttie aggregation of nanoparticles comprising 20% of the ethyl ester of 
diatrazdc add and the surface modifier Tebonk: 908 (T908) upon autodaving at 120*C. Samples of the 
autodaved nanopartides were removed at various times after autodaving, and the average partide size (Z 
average) was determined for eadi time point 

45 

DETAILED DESCJRIf^ON OF THE INVENTTION 

The nanopartM:les useful un ttie practice of this invention indude a surface modifier. Surface modifiers 
useful herein physk^lfy acftiere to the surface of the x-ray contrast agent tuit do not chemk»lly react with 

50 tfie agent or tliemselves. ftrxfivicfaiatty adsortied motecuies of ttie surface modifier are essentially free of 
intermolecular crosstink^ies. Statable surface modifiers can be selected from known orgarric and tnorgantc 
pharmaceutical exdpients such as various polymers, k)w-molecuiar weight otigomers. natural products and 
surfactants. Preferred surface modifiers indude nonk)ruc and anionk: surfactants. 

Representative examples of surface modifiers indude gelatin, casein, lectttitn (phospfiatictes). gum 

55 acacia, diolesterol, tragacanth, steark: add, tienzalkontum chtoride, caldum stearate, glyceryl monostearate, 
cetoslearyl akx>fid, cetomacrogol emulsifying wax, sorbitan esters, poly<»cyettiylene alkyi ettiers, e.g. 
macrogol ettiers such as cetomacrogol 1000, pdyoxyetfiylene castor oil derivatives, polyoxyethylene 
sorbitan fatty add esters. e.g. tiie commerdaily avaHatrie Tweens"^, polyethylene gtycds, polyoxyethylene 
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stearales. cotloidaJ silicon dioxide* phosphates, sodium (kxlecylsutfate, carboxymethylcellulose calcium, 

carboxymethylcellulosa sodium* melhylceilutose, hydroxyethytcetlulose. hydroxypropytcellulose, hydrox- 

ypropylmethyrcetlulose phthalate. noncrystaiKne cellulose, magnesium aluminum silicate, triethanolamine. 

polyvinyl alcohol, and poiyvinytpyrroridiDne (PVP). Most of these surface modifiers are known pharmaceuti- 
5 cal exdpients and are descnt)ed th detail m the H»idtx}ok of Pharmaceutical Bccipients, published jointly 

by the American Pharmaceutical Association and The Pharmaceutical Society of Great Britain, the 

Pharmaceutical Press, 1986. 

Particulariy preterred surface irKXiifters include PVP, tyloxapol. poloxamers such as Pluronic™ F(B8 and 

F108, which are tilock copolymers of ^hylene oxide and propylene oxide, and poloxamines such as 
10 Tetronlc^ 908 (also known as Pdkiocmine 90e}» whk:h is a tetrafunctional block copolymer derived from 

sequential addHion of propylene oKide and ethylene oockle to ethylenediamine, available from BASF, 

dextran. lecithin, dialkytesters of sodium sulfosuccink: ackt. such as Aerosol Ol™. which is a dioctyl ester 

of sodium suHosucdmc ackf, available from American Cyananud, Duponol™ P, which is a sodium lauryl 

sulfate, available from DuPont. Triton™ X-200, whfch is an aHcyt aryl polyether sulfonate, available from 
fs Rohm and Haas, Tween 80, whk^h is a polyoxyethylene sortxtan fatty acid ester, available from ICI 

Specialty Chemicals, and Cartwwax™ 3350 and 934, whk:h are polyethylene glycols available from Union 

Carit>ide. Surfece modifiers wfrich have been found to be partk^ularty useftjl include Tetronk: 90a the 

Tweens™, Pturonk: F-68 and PVP. Other useful surface modifiers inchide: 

decarK>yhN-methylglucamkle; 
20 n-decyl /9-D-glucopyranoskle; 

n-decy\ ^-D-maltopyranoskle; 

n-dodecyl /S-D-glucopyranoskfe; 

n-dodecyl /3-D-maltoskJe; 

heptanoyhN-methylglucamkie 
25 n-heptyl /3-D-glucopyranoskle; 

n-heptyl /3-D-thioglucoside: 

n-hexyl /5-D-glucopyranoside; 

nonanoyl-N-methylglucamide; 

n-nonyl /S-D-glucopyranoskfe; 
30 octanoyl-M-methylglucamkie; 

n-octyl /9-D-glucopyranoskle; 

octyl /3-D-thioglucopyranoside; 

and the like. 

The surface modifiers are commercially available and/or can bo prepared by technkiues known in the 

35 art. Two or more surface modifiers can be used in combination. 

The nanoparticles useful in the practice of this invention can be prepared according to the methods 
disclosed in U.S. Patent No. 5,145.684. Briefly, nanoparticles are prepared by dispersing a pooriy soluble 
therapeutic or diagnostic agent in a liquid dispersion medium and wet-grinding the agent in the presence of 
grinding media to reduce ttie particle size of the contrast agent to an effective average particle size of less 

40 than atXHit 400 nm. The particles can tie reduced in size in the presence of a surface modifier. 

A general procedure for preparing the particles useful in the practice of this invention follows. The 
therapeutic or diagnostic agent selected is obtained commercialty and/or prepared by techniques known in 
the art as described atxive. in a conventional coarse form. It is preferred, txjt not essential, that the particle 
size of the coarse therapeutic or diagnostic si4>slance selected t>e less ttian atx>ut 100 um as determined 

45 by sieve analysis. If ttie coavse paftRle size of tfial agent is greater than atxxit 100 ttm, then it is preferred 
that the coarse particles of the ttierapeutic or dfeignostic agent be reduced in size to less tiian 1 00 um using 
a conventional milling method such as airfet or fragmentation milling. 

The coarse ttierapeutic or diagnostic agent seleclMt can then bB added to a liquid medium in whk:h it is 
esserrtially insolutile to form a pvembc The concentration of the therapeutic or diagnostic agent in tfte lk|ukl 

50 medium can vary from atxxjt 0.1-60%, and preler^>ly from 5-30% (w/w). It is preferred, but not essential, 
that the surface modifier be present in ttie premix. The concentration of the surface modifier can vary from 
about 0.1 to 90%, and preferat>ly is 1-75%, rrwre pr^erably 10-80% and most preferably 10-30% by weight 
based on ttte total combined weight of the cfrug sut>5tance and surface modifier. The apparent viscosity of 
the premix suspenskxi is preferably less than atxxit 1000 centipoise. 

55 The premix can be used directiy by wet grimfing to reduce the average particle size in tfie disperskm to 
less than 400 nm. It is preferred that the premix t>e used directiy wfien a t>all mill is used for attritton. 
Alternatively, the therapeutic or ctia^iostic agertt and. optionally, ttie surface modifier, can t>e dispersed in 
the liquid medium using suitat>le agitation, e.g. a roller mill or a Cowles type mixer, uritil a iKxnogeneous 
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dispersion is observed in which there are no large agglomerates visible to the naked eye. ft is preferred that 
the premix be subjected to such a premilling dispersion step when a recirculating media mill is used for 
attrition. Wet grinding can take place in any suitable dtspersk)n mill, including, for example, a t>all mill, an 
attritor mill, a vibratory mill, and media mills such as a sand mill and a bead mill. A media mill is preferred 
5 due to the relatively shorter milling time required to provide the intended result, i.e. the desired reduction in 
particle size. For media milling, the apparent viscosity of the premix preferably is from about 100 to about 
1000 centipoise. For ba\\ milling, the apparent viscosity of the premix preferably is from about 1 up to about 
100 centipoise. Such ranges tend to afford an optimal balance between efficient particle fragmentation and 
media erosion. 

70 The grinding media for the particle size reduction step can be selected from rigid media preferably 
spherical or particulate in form having an average size less than atx>ut 3 mm and. more preferably, less 
than about 1 mm. Such media desirably can provide the particles of the invention with shorter processing 
times and impart less wear to the milling e(|uipment The selection of material for the grinding media is not 
t)elieved to be critical. However. prelBrred media have a density greater than atxMJt 3 g/cm^. Zirconium 

T5 oxide, such as 95% ZrO stabilized with magnesia, zircormm silk:ate, and glass grinding media provide 
particles having levels of contaminatfon whkii are believed to be acceptable for the preparation of 
therapeutic or diagnostic compositions. However, other media, such as stainless steel, titanla. alumina, and 
95% ZtO stabilized with yttrium, are tielieved to be usefoL 

The attrition time can vary widely and depeiKts primarily i^XNn tfte particular wet grinding mill selected. 

20 For ball mills, processing times of up to five days or fonger may be required. On the other hand, processing 
times of less than 1 day (reskience times of about one mintito up to several hours) have provided the 
desired results using a high shear media miH. 

The particles must be reduced in soe at a temperature which does not significantly degrade the 
therapeutfo or diagnostic agent. Processing temperatures off less than atxxjt 30-40 *C are ordinarily 

25 preferred. If desired, the processing equipment can t>e cooled with conventfonal cooling equipment. The 
method is conveniently carried out under corxiitions of ambient temperature and at processing pressures 
which are safe and effective for ttie milling process. For example, ambient processing pressures are typical 
of t>all mills, attritor mills and vibratory mills. Processing pressures up to about 140 kPa (approx. 20 psi) are 
typical of media milling. 

30 The surfoce modifier, if not present in the premix. must be added to the dispersion after attrition in an 
amount as descril>ed for the premix. Thereafter, the dispersion can be mixed, e.g. by shaking vigorously. 
Optionally, the dispersion can b& subjected to a sonication step. e.g. using an ultrasonic power supply. For 
example, the dispersion can be subjected to ultrasonic energy having a frequency of 20-80 kHz for a time 
of about 1 to 120 seconds. 

35 The relative amount of therapeutic^or diagnostic agent and surface modifier can vary widely and the 
optimal amount of the surface modifier can depend, for example, upon the particular therapeutic or 
diagnostic agent and surface modifier selected, the critical micelle concentration of the surface modifier if it 
forms mfoelles. tfie hydrophilfo fipophilfo balance (HLB) of the stabilizer, ttie melting point of the statxlizer. 
its water solubility, the surfoce tensfon of water solutions of the stabilizer, etc. The surface modifier 

4o preferably is present in an amount of about 0.1-10 mgAn^ surface area of the therapeutic or diagnostic 
agent. The surface modifier can be present in an amount of 0.1-90%, preferably 1-75%, more preferably 
10-60%, and most preferably 10-30% by weight based on the total weight of the dry particle. 

'Therapeutic and diagnostic agents useful m tfie cxxnpositibn of the present invention include tliose 
disclosed in U.S. Patent No. 5,145^684 and published European specification EP-A-O 498,482. A preferred 

45 diagnostic agent is the x-ray imagihg agent ethyl 3,5-diacetoamHio-2,4,64riiodobenzoate. 

As used herein, particle size refers to a mean particle size as measured by convention^ particle size 
measuring technk)ues well known to tbos& skilled kt th& art, such as sedimentation field flow fractionation, 
photon correlation spectroscopy, or ctisk centrifug^ionL By "an effective average particle size of less tfian 
atx>ut 400 nm** it is meant that ^ feast 90% of the policies have a particle size of less than about 400 nrh 

50 when measured by the ^xyve-noted tecfmtc^ies. ki preferred emixxliments of ttie invention, the effective 
average particle size is less than about 300 nm, and more preferably less ttian aixxit 2S0 nm. In some 
emtMxtiments of the invention, an effective average partfofe size of less than about 200 nm lias been 
achieved. With reference to the effective average particfe size, ft is preferred that at least 96% and, more 
preferably, at least 99% of tfie particies have a particfe size less tfian the effective average, e.g. 400 nm. In 

55 particularly preferred embodinnenls, essentially all of the particles have a size less than 400 nm. In some 
emtxxJiments, essentially all of the particles have a size less tiian 250 nm. 

A method for tfie preparatfen of a nanopartk:fe compositfen according to this invention includes the 
steps of introducing a therapeutic or diagnostic agent, a liquki medium, grinding media, and optionally, a 
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surface modifier into a grinding vessel; wet grinding to reduce ttie particle size of the ttierapeutic or 
diagnostic agent to fess than about 400 nm; and separating the particles and optionally the liquid medium 
from the grinding vessel and grinding media, for example, by suction, filtration or evaporation. If the surface 
modifier is not present during wet grinding, it can be admixed with the particles thereafter. The liquid 
5 medium, most often water, can serve as the pharmaceutically acceptable carrier. The method preferably is 
carried out under aseptic conditions. Thereafter, tfie nanoparticle composition preferably is subjected to a 
sterilization process. 

As noted elsewhere herein, sterile filtration will not provide adequate sterilization for nanoparticles. 
Therefore, other methods of sterilization are required. For example, steam or moist heat sterilization at 
10 temperatures of about 121 *C for a time period of about 15 minutes can be used. At altitudes near sea 
level, such conditions are attained by usihg steam at a pressure off about 100 kPa (at)out 15 psi) in excess 
of atmospheric pressure. 

Dry heat sterilizatkNi may also be perfbrmed. although the temperatures used for dry heat sterilization 
are typically 1 60 * C for time periods ofl to 2 hours. 
IS Stenlization takes place in the presence off nonioniG doud point modifiers. Examples off suitable doud 
point modifiers include polyettiylene tfycols. e.g. PEG 300. PEG 400, PEG-1000 and PEG 2000, available 
from J.T. Baker Chemical Co., propytehe glycol* eth^wl, hydroxypropylcyclodexbin (HPCD) and/or glycerol 
whk^h minimize particle growth during sterQization. A pn^erred ctoud point modifier is PEG 400. 

The doud point is the tamperature at which ttie surface modifier (surfactant) precipitates out of solution 
20 as described atx>ve. By ttie phrase '*ddud pdnl modifier" is meant a compound which influences the cloud 
point of surfece modifiers. In particular, ttie doud point modifiers useful in the present invention raise the 
cloud point off the surface modifiers adsorbed onto nanopartides. In this way. the surface modifiers do not 
dissociate firom the surface of ttie nanopartides at temperatures used In autodaving. Therefore, nanopar- 
ticles thus modified do not aggkmierate during the sterilization process, and thus retain their effective 
25 average particle sizes of less than atxxit 400 nm after sterilization. 

The non-ionic cloud point modifier can be present in an amount of 0.01-50%. preferably 0.05-30%, 
more preferably 0.1-20% by weight based on ttie total weight of the nanoparticle suspension. 

This invention further discfoses a mettiod off making nanoparticles having a surface modifier adsort>ed 
on the surface and a non-ionic ctoud pdnt modifier assodaled therewith. 
3o This method involves ttie preparatkm off therapeutte or diagnostic nanoparticles, as discussed elsewhere 
herein, and contacting those nanopartides with a doud point modifier. Contacting may be by admixing a 
suspension of nanoparticles with a solution of ck>ud point modifier, followed by sterilization at a temperature 
and for a time suffident to effect sterilization of the nanopartide suspension^ 

The invention will now be lllustraled with reference to ttie fblfowing examples t>ut is in no way to be 
35 construed as limited thereto. 

Example 1. 

Nanoparticles comprising 20% of tlie ethyl ester of diatrizotc acid and the surface modifier Tetronic 908 
40 (T908) were autoclaved at 120* C. Samples of ttie autoclaved nanoparticles were removed at various times 
after autodaving, and the averse partide size (Z average) was determined for each time point. 

The data are presented in Figure 1. As ttie data Indicate, autodaving for 5 minutes at 120 *C results in 
an average partide size off atxxit 500 nm. By 20 mmules* ttie average partide size is in excess off 700 nm. 

45 Example 2. Determination off ttie effect of several additives on ttie cloud point of T-90a. 

In this experiment the doud point of a 1% sofeitton off ttie surface modifier T-908 was measured in the 
presence of various molar concentraiions of PE&400» glycerol, ettianol, HPCD, propylene glycol and NaCI. 
Ttie doud point measurements are stiown m Table 1. 

50 
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TABLE 1 



10 



IS 



20 



25 



[PEG-400] % w/v 


Ootid Pt -C 


[Naa] % wAf 


CfoudPt 


[Glycerol] % w/v 


Cloud R 


0 


106 


0 


106 


0 


106 


n 1 


107 




103 


n 1 

U. 1 


1 nti 
1 ut> 


1 


110 


0^ 


96 


0.3 


106 


2 


113 


0^ 


92 


0.4 


105 


4 


116 


0.8 


87 


0.6 


105 


6 


118 


t 


83 


0.8 


1 \M%J 


B 


122 






1 


107 


10 


125 






1.5 


107 










2 


107 










2.5 


107 










3 


108 


[Ethanol] % w/v 


CkMJdPt -C 


[HPCD]%w>V 


CkNidPt -C 


[Propytene [Glycol] % w/v 


Cloud R 'C 


5 


118 


0.1 


107 


0.3 


107 


10 


126 


1 


109 


5 


116 



Hie results in Table 1 shovy that PE6-400 ethanol and propylene glycol can raise the cloud point of T- 
908, glycerol and HPCD have only moderate effect and NaCI lowers the doud point of T'908 significantly. 

Example 3. Effect of PEG-400 on the size growth of ethyl 3.5-diacetDamido-2.4.6-triiodot)en2oate . nanopar- 
tides on floating. 



35 



In this example, two samples of 20% ethyl 3,5<fiacetoamtdo-2,4,6-tni6dobenzoate nanopartides con- 
taining 2% T-908 were prepared. One sample consisted of 10% (w/v) ethyl 3,5-diacetoamido-2,4.6- 
tritodobenzoate nanopartides in water, and ttie otfier sample control consisted of 10% (w/v) ethyl 3.5- 
diacetoamido-2,4,6>triiodobenzoate narK>part}cles in 5% PEG-400. The two samples were heated from 104* 
to 126*0 with 2*0 interval with a 5 minute dwetrtime at each temperature. Samples were withdrawn from 
the samples with a syringe and needle and used for particle size analysis. Ttie data from these studies is 
presented in Table 2. 

TABLE 2 



Temp. 


Av. Particle Size (nm) 


Polydlspersity 


Control 


5% PEG-400 


Control 


5% PEG-400 


104 


189 


184 


0.13 


0.112 


106 


1^ 


195 


0.175 


0.151 


108 


205 


192 


0.063 


0.176 


110 




194 




0.159 


112 


220 


206 


0.168 


0.111 


114 


259 


218 


0J05B 


0.131 


116 


285 


227 


0.155 


0.089 


118 


320 


235 


0-213 


0.067 


120 


443 


257 


02S7 


0.15 


122 


400 


288 


0.263 


0.1 


124 


427 


308 


0J242 


0.183 


126 


504 


342 


0.307 


0.198 



55 



The data presented in Table 2 show tfiat the average particle size does not increase in tfie presence of 
5% PEG-400 nearly as much as the control sample prepared in water. 
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Example 4 . Effect of PEGt-400 on ethyl 3,5-diacetDamldo-2A&'triiodoben2oate particle size upon auto- 
claving at 121 *C for 20 minutes 

Samples of 10% (vrA^) ettiyl 3»5-<fiaceloamido-2,4,6-triiodot)enzoate nanoparticles were prepared from 
5 stock 20% suspension. These samples contain concentrations of PEG-400 ranging from 0 to 10% (w/v %). 
These samples were then autocfaved at 121* C for 20 min. The particle sizes of each sample were 
measured t>oth t>efore and after autocfaving. The data from these experiments is shown in Table 3. 

TABLE 3 

to 



[PEG-400] w/V% 


Av.Panjcle Size (nm) 


After Autodavtng 


Before Autodaving 


0 


1284 


178 


2JS 


1053 


182 


5 


541 


182 


7.5 


412 


184 


10 


325 


183 



20 

The data shown in Table 3 show that increasinQ ttie concentration of PEGMOO can reduce the particte 
size growth of nanoparb'des caused tff autodaving at 121 *C for 20 minutes. 

Example 5 , Effect of PEG molecular weight on ttie etoud point of T-908. 

25 

In this experiment, the doud point of a 1% solution of the surface modifier T-908 was measured in the 
presence of various types and concentrations of PEG. Ttie doud point measurements are shown in Table 4. 

TABLE 4 

30 



[PEG-1000] % 


CId Pt -C 


[PEG-8000] % 


CIdPt -C 


[PEG-3350] % w/v 


CIdR -C 


wAf 




wAf 








2 


123 


2 


116 


7.5 


124 


5 


124 


5 


119 







The data shown in Table 4 indicate that PEG-1000 

is more effective than PEG-8000 and PEGr'3350 at raising tfie cloud point of T-908. 

The effect of the concentration of f^G-1000 on tfte particle size growth of ethyl 3,5-diacetoamido-2,4,&- 
triiodot>enzoate nariopartides containing 1% T-906 was examined by measuring average partide size after 
autodaving at 121 *C for 20 minutes. The data is presented in Table 5. 

TABLES 



[PG3-1000]%w/V 


Average Rartide Sizi 


d(nm) 


2 


428 




5 


274 




7 


235 




10 


233 





The data stiown in Table 5 show ttiat ihcreasfng tlie concentration of PEG-1000 can reduce ttie partide 
size growth of narK>partides caused tiy aulodavthg at 121 * C for 20 minutes. 

55 
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Claims 

1. A composition comprising nanoparticles having a surface modifier adsorbed on the surface thereof and 
a non-ionic cloud point modifier associated therewith, which cloud point modifier is present in an 

5 amount sufficient to increase the cloud point of the surface modifier. 

2. A composition as claimed in claim 1 wherein said nanoparticles contain a diagnostic or therapeutic 
agent. 

10 3. A composition as claimed in claim 2 wherein said diagnostic agent is ethyl 3.5-dlacetoamido-2,4,6- 
triiodobenzoate. 

4. A composition as claimed In claim 1 wherein said surface modifier is a nonionic surfactant. 

75 5. A composition as claimed In claim 4 wherein said nonionic surfactant is a poloxamlne. 

6. A composition as claimed In claim 1 wherein said cloud point modifier is selected from the group 
consisting of polyethylene glycol, propylene glycol, ethanol, hydroxypropylcyclodextrin and glycerol. 

20 7. A composition as claimed in any one of claims 2 to 6 wherein said surface modifier Is a poloxamlne, 
said cloud point modifier is polyethylene glycol, and said diagnostic agent Is ethyl 3,5-diacetoamido- 
2,4,6-triiodobenzoate. 

8. A composition as claimed in claim 1 wherein said cloud point modifier Increases the cloud point of said 
25 surface modifier above the sterilization temperature of the nanoparticles. 

9. A method for of making nanoparticles having a surface modifier adsorbed on the surface and a non- 
ionic cloud point modifier associated therewith, comprising contacting said nanoparticles with the cloud 
point modifier for a time and under conditions sufficient to increase the cloud point of the surface 

30 modifier. 

10. A method as claimed In claim 9 further comprising the step of sterilizing said nanopartlcle. 

11. A method as claimed in claim 10 wherein said sterilizing is by steam heat autoclavlng. 

35 
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BEST AVAILABLE COPY 
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